Ornithological history in Indian mangroves and Bhitarkanika mangroves in particular
Very few studies have been so far carried out on the birds of Indian mangroves and Bhitarkanika in particular. Mukerjee (1969) studied the feeding habits of a few selected water birds in the mangrove forests of the Sunderbans. Prasad (1992) reports about a large inaccessible heronry in the Krishna mangroves in Andhra Pradesh where flamingoes, Spot-billed Pelicans, Spoonbills and Painted Storks nest together. Subramanya (1996) updated the existing information on the status, distribution and conservation of Indian heronries and listed Bhitarkanika as one of the oldest and largest heronry in the country. Chaudhari & Chakrabarti (1973) studied the breeding biology of Openbill Stork, Little Cormorant and Large Egret. Several notes on species diversity and checklist of birds in different Indian mangroves like Thane Creek near Rutuchakkra Nature Park (Nitsure, 2002) , Mahul Creek, Mumbai (Verma, 2002) , Gulf of Kutch mangroves (Stanley, 2002) , Pitchavaram mangroves (Sethuraman, 1997) were all published in different sources including symposia proceedings and newsletters. Samant (1985) recorded 121 species of birds in Ratnagiri mangroves in Maharashtra. Notes on the avifauna of Bhitarkanika mangroves occur at random, but an initial checklist of the birds of Bhitarkanika was attempted in the early 1990s by Dani & Kar (1992) , and Pandav (1996) . Pandav (1996) listed a total of 169 bird species from Bhitarkanika. Nayak (2003 Nayak ( , 2005 studied the ecology of resident birds of the Bhitarkanika heronry and also the seasonality and occurrence of the kingfishers in the mangrove. Kalpana (2005) recently reported about the occurrence of Red-winged Crested Cuckoo in Bhitarkanika. Detailed ecological studies pertaining to breeding patterns, resource partitioning in terms of space and food and conservation assessment have been carried out recently in the Bhitarkanika heronry (Gopi, 2007; Gopi et al., 2007) . 03'E. It is the second largest existing mangrove ecosystem of India, which has much significance with regard to ecological, geomorphological and biological background that includes mangrove forests, rivers, creeks, estuaries, backwaters, accreted land and mud flats. Table 1 shows the areas of various wetland classes in Bhitarkanika. Bhitarkanika mangrove ecosystem flourishes in the deltaic region, formed by the rich alluvial deposits of Brahmani, Baitarani, Maipura and Dhamra rivers (Image 1 w ). Faunal significance includes the occurrence of a sizeable population of Estuarine Crocodile (Crocodylus porosus). Besides this, the Sanctuary is rich in other reptiles, birds and mammalian population. These mangrove forests are good habitat for King Cobra, Indian Python and Water Monitor Lizard. The annual rainfall ranges from 920-3000mm. Bhitarkanika represents one of the richest and most diversified mangrove floras in the country. About 62 species of mangrove and its associates are found in Bhitarkanika Sanctuary. Existence of three species of Rhizophora, Heritiera and Avicennia each and four species of Bruguiera are some of the interesting features of the flora of Bhitarkanika. The dominant genera of mangroves and its associates include Acanthus, Achrostichum, Aegialitis, Aglaia, Avicennia, Excoecaria, Brownlowia, Bruguiera, Ceriops, Rhizophora, Heritiera, Hibiscus, Kandelia, Lumnitzera, Phoenix, Sonneratia, Suaeda etc.
STUDY AREA
Geographically
METHODS
The checklist is based primarily on field work conducted in Bhitarkanika mangroves (Image 1 w ) from August 2004-December 2006. A total of 452 days were spent in the field observing bird diversity. Birds were observed from 0500-1600hr with the help of a spotting scope and 8x40 Bushnell binoculars. During winters, all the major habitats were visited twice a week for monitoring wintering waterfowls. Surveys were conducted on foot in mangrove forests and agricultural fields, while in the rivers and small creeks birds were observed using mechanised motor boats and non-mechanised country boats, respectively.
In the heronry, total counts were carried out during the last week of August to enumerate the number of bird species nesting and number of nests of each species. Every tree was marked and bird species nesting and number of nests in each tree were recorded. Nests were identified with aid of parent bird or chicks. In absence of both, nest material and nest design were used to identify the species nesting. We have also included information from published literature, as cited in the text. Nomenclature follows Manakadan and Pittie (2002) , except as noted.
The status (movement and seasonality of occurrence) and frequency of bird sightings in various habitats have been worked out basing on different parameters listed below.
Status: A taxon was accorded any one of the following: RResident throughout the year; LM -Resident with some local movements; SM -Summer Migrant, MM -Monsoon Migrant; WM -Winter Migrant; V -Vagrant with only a single or couple of records, depending on its movement and seasonality of occurrence.
Frequency: A taxon was accorded any one of the following: A -Abundant, sighted on 9 to 10 out of 10 visits; C -Common, sighted on 6 to 8 out of 10 visits; O -Occasional, sighted on 3 to 5 out of 10 visits; R -Rare, sighted on less than 2 out of 10 visits, depending on the probability of sighting in the suitable habitat at the any given time.
Major Habitats: Different habitats where observations were carried out include; MF -Mangrove Forests; NMFNonMangrove Forest; OW -Open Wetlands; IZ -Intertidal Zones; TM -Tidal Mudflats; SB -Sand Bars; PF -Paddy Fields; AFAquaculture Farms.
RESULTS
Globally threatened species in Bhitarkanika: Seventeen species of globally threatened species are found in Bhitarkanika mangroves and adjacent non mangrove wetlands ( ) Breeds in the Bagagahan heronry. Over the years there is a marginal decline in the number of darters nesting in the heronry. Eighty-eight nests were counted during the annual heronry census in August 2006. They exhibited longer incubation duration (of more than 28 days) compared to other species in the heronry.
Indian Skimmer: (Image 3 w ) Bhitarkanika is a major key congregation area for Indian skimmers in the country (Gopi et al., 2006) with more than 100 birds that frequent the Praharajpur and the Barunei estuary during the ebb tide for foraging. The seasonal movements of this species are not known. Though it is said to be a winter visitor to the Orissa coast, the fact that few individuals are sighted all through the year indicates that this species possibly breeds in Orissa.
Pallid Harrier: This is a winter migrant and rare to 
Breeding notes
One-hundred-and-four species of birds were observed to breed or showed evidence of breeding in Bhitarkanika. The mangrove forests of Bhitarkanika harbours one of the largest congregation of breeding water birds in the country and it is one of the top five largest heronries in India which hosts approximately 30,000 birds every year (Gopi & Pandav, 2005; Subramanya, 1996; Chadha & Kar, 1999) . Eleven species of resident water birds, namely, Asian Openbill (Anastomus oscitans), Large Egret (Casmerodius albus), Intermediate Egret (Mesophoyx intermedia), Little Egret (Egretta garzetta), Cattle Egret (Bubulcus ibis), Grey Heron (Ardea cinerea), Purple Heron (Ardea purpurea) (Image 4 w ), Black-crowned Night Heron (Nycticorax nycticorax), Little Cormorant (Phalacrocorax niger), Darter (Anhinga melanogaster), and Black-headed Ibis (Threskiornis melanocephalus), breed in this heronry during the wet season (JuneDecember) ( Table 3) .
The heronry is located on an island covered with mangrove vegetation. The total area used for nesting is approximately 4ha. Five mangrove trees Excoecaria agallocha, Heritiera fomes, Cynometra iripa, Hibiscus tiliaecius and Tamarix troupii were used for nesting by the birds. Darters and Grey Herons were the first to arrive in the heronry during late June followed by Large Egrets, Purple Heron and Intermediate Egret (2005 Egret ( & 2006 . Though Asian Openbill Storks arrived early, they delayed nesting till peak monsoons (2005) . Night Heron and Black-headed Ibis were the last to arrive but they completed their nesting in a very short time of 3 to 4 days and started laying. The departure patterns of the birds followed the arrival sequence (2005 & 2006) . Birds start to leave the heronry by mid October and the entire herony is empty by second week of January (2005 & 2006) . Major nest materials that were used for nest building were derived from Excoecaria agallocha, Heritiera fomes, Hibiscus tiliaceus, Tamarix troupii, Cynometra iripa, Salvodora perscica, Salacia prinoides, Avivienia officianalis and Ceriops decandra and in one instance green leaves of Phoenix paludosa were also found in Darters nest material.
A Lesser Adjutant Stork colony comprising of four nests on two Xylocarpus mekongensis trees were located in the Bhitarkanika forest block near Balijori creek. Nest building activity started in early October and the colony was active till mid January (Gopi & Pandav, 2007) .
Also a small colony comprising of eight Painted Stork nests were located near Ganjaikhia creek on three Heritira fomes trees. Nest height was about 7.5m. Nest building activity started in early September and the colony was active till the end of December (Gopi & Pandav, 2007) .
Winter migrants
A total of 98 species of winter visitors were recorded during the study in comparison to 57 species recorded earlier (Pandav, 1996) . Two Spotted Greenshank (Tringa guttifer) were observed in the coastal mudflats near Barunei Chatka during low tide on 10 
Sathabaya wetlands
This lesser known wetland is the major bird habitat of Bhitarkanika. This wetland harbours 70,000-80,000 wintering species every year. Bar-headed Goose (Anser indicus), Brahminy Shelduck (Tadorna ferruginea), Eurasian Wigeon (Anas penelope.), Gadwall (A. strepera), Common Teal (A. crecca), Northern Pintail (A. acuta), Northern Shoveller (A. clypeata), Black-winged Stilt (Himantopus himantopus), Pacific Golden Plover (Pluvialis fulva), Whimbrel (Numenius phaeopus), Eurasian Curlew (N. arquata), Spotted Redshank (Tringa erythropus), Common Redshank (T. totanus), Marsh Sandpiper (T. stagnatilis), Common Greenshank (T. nebularia), Little Stint (Calidris minuta), Temmincks Stint (C. temminckii), Curlew Sandpiper (C. ferruginea). Vast lands of paddy 8524  6843  6187  11349  6901  6906  6839  4986  6956  9061  7568  Large Egret  527  1061  615  1624  231  231  1620  1305  2125  1205  1018  Intermediate Egret  1703  NA  NA  236  146  146  1374  757  509  706  500  Little Egret  478  36  120  276  12  12  313  211  234  61  59  Cattle Egret  47  NA  NA  217  81  81  124  126  148  64  0  Grey Heron  271  568  306  716  182  182  302  265  538  308  298  Purple Heron  473  517  504  676  304  304  459  438  589  501  258  Night Heron  390  399  505  572  96  95  510  353  540  372  363  Little Cormorant  1960  734  1502  848  470  470  1777  1268  1937  1151  913  Darter  225  92  106  200  126  126  234  219  316  123  128  Black-headed Ibis  153  255  226  344  209  209  275  277  295 Major conservation issues and implications Aquaculture farms: In the past few decades, aquaculture has experienced rapid growth in India and Orissa had been witnessing the same trend. Along the coastal belt of Orissa shrimp farming has been expanding vigorously. The expansion is driven by the high profitability of shrimp farming and attracts a wide range of investors, ranging from individual farmers (converting paddy fields) to multinational companies investing in large-scale semiintensive and intensive shrimp farming. This fast development of the shrimp sector is at the cost of the conversion of flat, agricultural and coastal lands to shrimp ponds. In December 1996, the Supreme Court responded by placing a number of stringent restrictions on shrimp farming in the coastal zone, including: No shrimp culture ponds were to be constructed within 500m of the high tide mark, applicable for all seas, estuaries, creeks, rivers and backwaters; agricultural lands, salt pan lands, mangroves, wetland, forest lands and land for village common purposes were not to be converted into shrimp ponds.
However, this is being violated in this region and paddy fields are increasingly being converted to aquaculture farms. A total of 674 aquaculture farms (with total area of 793.45acres) were located along the peripheral region of the National Park alone. This illegal conversion of coastal wetlands will result in loss of foraging grounds and wintering grounds for a variety of bird species.
Poisoning and trapping of migratory birds: More than 90 species of birds visit Bhitarkanika with the onset of winter. Some of these birds are either trapped or poisoned by locals for consumption. Poisons are generally mixed in food grains and are kept on broad leaves for the birds to feed.
Conservation of Bhitarkanika birds is not only of local importance but also of global interest. In Bhitarkanika, we consider it important to intensify surveys of birds to obtain complete inventories of the avifauna. Further studies to determine the status and distribution of Indian skimmers, biology of sympatric kingfishers, identification of foraging corridors along with monitoring post dispersal movement patterns of colonial nesting waterbirds, listing of breeding birds and assesing Sathabaya wetland which has received little ornithological attention and no protection, could be taken up in near future to enrich the ornithological knowledge of this region. Finally, we stress the importance of documenting new or rare species records; photographs, video recordings and sound-recordings, as opposed to sight records, which can be objectively reviewed in the future and can therefore be considered as reliable evidence.
